Abstract. The paradigm of service-oriented computing (SOC) has emerged as an approach to provide flexibility and agility, not just in systems development but also in business process management. This modular approach to defining business flows as technology independent services has gained unanimous popularity among end-users and technology vendors alike. Although there is a significant amount of research ongoing on the technology implementations of service oriented architectures (SOAs), there is a paucity of research literature on the factors affecting the adoption of service-oriented computing and the realization of business value in practice. This paper empirically examines the adoption of SOC as an enterprise strategy across fifteen firms, and discusses the organizational constraints that influence the enterprise adoption and implementation of SOA. In doing so, this paper fills a crucial gap in the academic literature about the practical use of SOA as an enterprise strategy for agility, and lays the groundwork for future work on SOA alignment with organizational strategy. The paper also provides practitioners with guidelines for the successful implementation of SOA to achieve business value.
Introduction
In response to dynamically changing market conditions, financial institutions are increasingly looking for avenues of organizational agility [2] . By virtue of being the underlying enabler of the core business processes, information technology is very critical to achieving this agility [9] . Technology infrastructures built on service oriented computing principles appear to facilitate business process and, subsequently, organizational agility [13] . The paradigm of Service Oriented Computing (SOC) views whole business functions as modular, standards-based software services. The associated Service Oriented Architecture (SOA) establishes a defined relationship between such services offering discrete business functions and the consumers of these services, independently of the underlying technology implementation [18] .
There is a great deal of enthusiasm in the industry about this concept but the adoption of SOA by end-user organizations is still in a relatively early stage [21] .
Therefore, there is a scarcity of critical research addressing the ability of organizations to realize business value from the adoption of SOA. From a pragmatic perspective, there is widespread recognition of the fact that various organizational issues need to be addressed for the successful implementation of any information technology [10] . What is needed beyond the current research on the technology implementations of SOA, is a focus on the study of the real-world adoption of SOA across the enterprise and the factors that aid or impede such adoptions. This understanding becomes even more critical in the context of financial services institutions since the strategic impact of information technology is very high for financial institutions, and the industry sector is at the leading edge of the adoption curve for innovative technology solutions [16] .
This paper empirically examines the use of SOA across fifteen firms -a mix of banks, insurance firms, and service providers -and as part of a broader study, specifically investigates the best practices promoted by service providers, and the organizational constraints and challenges experienced by firms considering the enterprise-wide implementation of SOA. The results provide insights into the factors that impact the real-world adoption of SOA, thus filling a crucial gap in academic literature. The paper also aligns organizational constraints with advocated best practices, thus providing practitioners with a guide to maximizing business value from their SOA implementations.
Section 2 describes the empirical study of SOA adoption across fifteen firms and the data collection and analysis processes used. Section 3 describes the observed trends in the results of the use of SOA across these firms. Section 4 distils the results of the empirical study by comparing suggested best practices for SOA adoption with the organizational challenges faced on the ground. Finally , Section 5, summarizes the contribution of the paper and outlines future research options.
The Empirical Study -Data Collection and Analysis
A case study approach was chosen as the research methodology to study the alignment and adoption of SOA across the enterprise because, according to Benbasat et al [3] , case studies are "well-suited to capturing the knowledge of practitioners and developing theories from it".
Fifteen firms -a mix of both financial service institutions in the banking and insurance sectors, and software service providers that had a significant number of clients in the financial services industry -were approached to understand their position on SOA. Most of these firms were chosen based on their involvement in industry conferences on SOA which was an indication of their interest in adopting SOA. A few, however, were chosen on an opportunistic basis leveraging a network of contacts. Table 1 describes the industry sector and profile of the firms interviewed as well as the designation of the interviewees. Semi-structured interviews were conducted with business managers, enterprise architects, and CIOs/CTOs of 13 (thirteen) of these firms. A broad set of questions addressing specific areas of discussion (implementation details, challenges and concerns, benefits realized, lessons learned) was used to guide the interviews. Wherever possible, the interview data was augmented by documents provided by the interviewees. Each of the individual interviews lasted an hour with the exception of the interview with Firm 5, which lasted 30 minutes.
Communications with Firms 10 and 15 were limited to electronic communication. Firm 10 indicated that their firm did not have an explicit SOA strategy, but they were pursuing SOA practices at a technical level by "following reasonable SOA practices in terms of trying to keep things abstracted through the use of messaging middleware and a messaging portal". Firm 15 was able to supply documents describing its SOA strategy at the business and technical levels, and provide specifics of a case study of a large financial services firm. Both these firms are included in the analysis not as primary data but more as an emphasis to the findings from the data gathered in the interviews with the other firms.
Fourteen of the firms interviewed were in various stages of implementing SOA, most of them already having migrated targeted business functions to a service based deployment. The firms were able to provide some insight into the anticipated and observed benefits of the migration to a service-oriented approach. Firm 6 did not have an SOA strategy and had tried unsuccessfully to migrate to a service based infrastructure. The interview provided a valuable insight into the challenges of building a business case for SOA adoption. The product and software service providers were able to provide an insight not only into the business drivers for their product offerings but also their perception of the business drivers for their clients.
Transcriptions of the individual interview data were analyzed using a two-pass method. The first pass of the analysis used thematic coding to identify broad categories of organizational issues. The second pass of analysis was performed using axial coding and major factors were identified using meta-codes. The meta-codes were then used to identify similar patterns across the data from the multiple firms interviewed. The following section details the results of the data analysis identifying the major themes of suggested best practices and organizational factors affecting the implementation, and the cross-firm patterns observed within these themes.
The Empirical Study -Results
Despite the many potential benefits of information technology innovations, organizations have generally found it very difficult to achieve the promised benefits [43] , and the successful implementation of SOA appears to have its fair share of challenges. It is interesting to note that even in the limited scholarly work on the use of SOA in the business domain, an empirical study of two European banks indicated that the "[business] service concept was difficult to define in practice" [1] .
We were able to get a significant understanding of the constraints impacting the organizational adoption of SOA running the gamut from funding at the corporate level to performance challenges at the implementation level. These constraints were compared with the best practices suggested by service providers to get an understanding of how firms were actually dealing with implementing these best practices. These best practices and constraints are detailed in the following paragraphs and summarized in Table 2 at the end of this section.
Best Practices Suggested by Service Providers
Service providers, Firms 11-15, were able to provide us an insight into what lessons they thought they had learned from their experiences, and more importantly, mistakes, and what they would consider best practices for a successful enterprise SOA implementation. These experiences were collectively analyzed and distilled by thematic categorization into a set of proposed best-practices for successful enterpriselevel SOA adoption.
These best practices are summarized below: 1. Get commitment at the board level.
2. Manage expectations -Invest in SOA for the long term. 3. Align the entire organization along the SOA strategy. 4. Change the mindset of people -SOA is not about technology, it is about transforming the business process. 5. Governance is critical. 6. Focus on training. 7. Leverage existing resources. SOA is all pervasive, according to the Development Architect of Firm 12, and you need to get commitment at the board level if the adoption of SOA at the enterprise level is to be successful. Along with commitment at the board level, the expectations of people across the organization need to be managed. There needs to be an acknowledgement that the governance and training associated with service orientation could possible end up costing much more than the development of the services.
SOA should be viewed as an evolving process and not a silver bullet. There needs to be a clear understanding at the senior management level that SOA is a long-term investment in time and resources, according to Firms 12 and 14. Success is more probable when starting out with a small project to show business value before rolling out service orientation on a larger scale, according to Firm 15.
The Development Architect of Firm 12 indicated that the commitment at the board level needs to permeate the organization to ensure that the entire organization is aligned with the SOA strategy. Organizations need to get "everyone on the same page on the SOA strategy". The theme underlining this enterprise wide alignment needs to be that SOA is not about the technology, it is "a way of thinking". This requires that people's mindset needed to be changed to ensure that the focus of SOA adoption should be on transforming business processes (Firms 13 and 15).
A majority of the effort in implementing SOA appears to be implementing an appropriate governance framework in place (Firm 12), and appropriate training . Business people need to be trained in Business Process Modeling and technical people in the business aspects of services in addition to the appropriate technical training on the use of tools (Firm 14). Firm 15 indicated the need to be cognizant of when SOA may not be appropriate. Firms 12, 13, and 15 emphasized that both business and technology teams need to understand that SOA is not about creating new functionality but leverage existing resources more effectively.
These empirically gleaned best practices, it may be argued, are fairly sound guidelines and match up with what existing analytical literature suggests. So what does this really mean in the real world? The input from individual firms as well as service providers' experiences with client implementations was analyzed independent of suggested practices to better understand how the SOA implementations actually fared with the rollout of SOA across the enterprise. The following sections describe this analysis in detail.
Get commitment at the board level.
At the organizational level, our interview data indicates that there appears to be no direct business case for SOA, as indicated by Firms 1, 4, 6, 7, 9, and 10. The general approach to SOA was captured pithily by the CIO of Firm 9, who said "Using SOA increases IT value… [but] we are implementing SOA by stealth. We have no business case for SOA."
The cross-firm interview data also suggests that at the very high business level or customer facing level, the enterprise offerings are treated as service offerings by business units of most firms, including Firms 2, 3, 4, 8, and 9, with the business executive at Firm 3 using the term services interchangeably with applications. Business units are view their offerings as a set of services, according to Firm 3, and so cannot understand why the IT teams are not already service oriented. At a business process level, however, there is no service oriented thinking and it is left to the technology teams to push service thinking up from the technology infrastructure implementing the business processes.
Manage expectations -invest in SOA for the long term.
Funding was an issue for Firms 2, 6, and 9, since SOA needs a significant investment and business users are not willing to spend money for something intangible that may be achieved in a few years time. The move to SOA requires significant investment in time and resources for longer-term benefits, but the technology teams in Firms 2, 4, and 9 were faced with the difficulty of defining what the return-on-investment (ROI) would be for SOA. According to the VP of Technology of Firm 2, "…business deadlines do not change. How do you convince business units to spend money and time? Business units want it now. They don't want to spend money for something three years down the road. We had to couch [the SOA implementation] in some other terms like infrastructure updates".
From an implementation perspective, model based development was critical to the success of SOA implementations according to the service providers we spoke with, specifically Firms 12 and 13. However, there are no mature tools to either directly orchestrate business services to create an application or to translate the business process models to technical services as an intermediate step. Firm 12 uses models to elicit business requirements, but manually maps them to technical infrastructure requirements. According to Firm 14, which had unsuccessfully tried model based development on client projects, "Changes in the business process are hard to reflect in technical services. So [you end up with] two flows -business process modeling and technical process modeling. The mapping is a manual effort. Ideally we would have liked to model business processes, to technical services, to implementation. But changes cycling back cause problems because [the available] tools don't support this". Firm 2 had a similar experience to relate regarding their attempted BPM adoption effort. "BPEL has inherent problems. The vendor says it all works -the model translates to the system. The reality is that the business unit can model its process and simulate BPR scenarios, but once the development is done, if you implement any technical change then things fall apart. BPEL has a round trip problem as a language in supporting this real-world development process. So now we define a business process model, and then manually translate it to Business Requirements and Use Cases. The business analyst draws up the business process. The techie looks at the diagram and imports into a BPM tool. Modifications even at the process level were a problem. The processes were modeled mostly on paper (models done here and there) -and then translated to BPM the tool. It served as documentation for future maintenance but using the models is a challenge."
Although industry vendors have rallied around the concept of service-oriented computing [21] , there still is no single unified view of the basic communications standards involved across the board [11, 15] . So despite the integration of systems, both internal and external, being a business driver for the adoption of SOA, integration across domains continues to be a challenge that goes beyond service thinking. While executives at Firms 1 and 4 were skeptical of the promise of plugand-play, Firms 2 and 6 were experiencing problems integrating external systems because of differing standards. Firm 6, in facing the integration effort after an acquisition, found that even adopting a standard like IFX 1 still did not help since the contextual or semantic relevance of the data varied across the two systems being integrated. Service providers like Firms 12 and 14 also indicated that the kinds of integrations they were seeing with clients were all one-off or custom integrations. This makes it harder to sell SOA as a plug-and-play infrastructure.
Standards notwithstanding, by virtue of crossing administrative domains with potential loss of visibility and control, the new cross-organizational business models put an increased emphasis on non-functional business requirements (generally referred to as service quality attributes) such as performance, reliability, transactional integrity, and security [17, 19, 25, 27] . Additionally, with the increasing number of interfaces in a typical inter-and intra-enterprise service-oriented implementation, addressing these systemic issues in an environment of multiple administrative domains, straightforward in theory, becomes a complex problem in practice spanning technical and business arenas [15, 23] . In practice, many of the firms we spoke with were struggling with the same issues, security and performance, being of the highest concern. Firm 4 found that security could grow to be a challenge not just across external domains because, according to the CIO, a "loose confederation of services creates access and security issues", but also across internal domains. Reuse of services by different users or higher-order services could potentially compromise security as well by changing the context in which the service is used. While Firms 2, 4, 5, 7, and 11 had experienced issues with performance of services because of fine grained services across networks, Firm 14 raised the issue of transactional integrity and, in working with various clients, was grappling with problems of maintaining transactional integrity across services. What was interesting was that all of these issues were approached from a perspective of granularity, with the firms eschewing too fine grained services for performance, security, and transactional integrity, resulting in a trade-off between granularity and service quality attributes.
The use of services also involves a trade-off between granularity and the potential for reuse according to Firms 4, 5, 7, 9, and 11, since the coarser the service, the less the chance to reuse the service in different business contexts or domains. Firm 5, which appeared to have a significant and relatively successful implementation of service-oriented systems across the enterprise compared to the other firms we interviewed, was strongly concerned about the proliferation of services due to the lack of reuse. Firm 7 initiated a service-oriented infrastructure project to address the business requirement for a consistent user experience ("360 degree view of [the] customer") across their three main applications dealing with health insurance, travel insurance, and automobile insurance. The major thrust of this project, called Unified Customer View, was viewed as "a de-duplication effort across all the three systems". The three systems had their own web services to retrieve customer data from the three back-end transactional systems/applications. So the data had to be retrieved from all three systems and merged to get a complete picture. This removal of redundancy worked well for consistency in user experience, but caused a performance bottleneck since it was a single service addressing queries from three distinct customer bases. As a compromise, the functionality was then split across the single new service and the three older application specific services. Basic customer details were managed via the higher level service and the individual services were invoked only if further customer details were required.
Align the Organization around the SOA Strategy
The evolution to the service paradigm is equally a business and IT transformation [24] , and the key to effectively deploying SOA across the enterprise, is to recognize that it is an architecture that transcends technologies and could actually be independent of the underlying technologies that implement it [6] . Not many business people, however, are familiar with the term 'SOA', and many firms whose SOA implementations have fallen well short of expectations possibly did not include the business aspects of the move to a service-based deployment [22] . Thus, one of the biggest challenges in SOA adoption is understanding which business functions can actually be viewed as business services, and how this set of granular services can be used to create a service framework [7] . The business units of firms 2, 6, 7, 9, and 10 did not understand SOA and were more focused, understandably, on business requirements being met with "consistency, reliability, and uptime". The VP of Engineering for Firm 2 found that the organizational challenge was clearly articulating to the business what SOA could help achieve. "The big problem in my personal opinion is that if something is so great and you cannot explain it -is it really do-able? Vendors say it is a silver bullet but cannot explain SOA in the same way to business owners, techies, and others across organization. People are trying very hard to define SOA, both vendors and end-users, rather than addressing business problems and realizing business value. You need to sell it to fund it and so people are getting lost in defining SOA".
At the technical infrastructure level, the technology teams are actively adopting service-oriented practices for the most part independently of the business units.
Change the mindset from technology to a business process focus
Despite the service mind-set of the business units, business process modeling as a strategy was not adopted by the business units as evidenced by Firms 2 and 6. The translation of the business service requirements to a set of technical services and flows is done by the technology teams using a variety of modeling techniques. In most firms, according to Firms 2, 5, 6, and 12-14, the business services are modeled by the technology teams or representatives of the technology teams, and if needed manually mapped to the technical service architecture. This is consistent with the one other empirical study of the adoption of SOA [1] which found that business processes are not included in the service definitions, which tend to be technical service implementations of the business process flow.
An added potential complication was identified by Firm 14 which found that "breaking application into services causes ownership issues". If a service is created for a business unit and can be used by other units, there is considerable debate of how the service needs to be maintained going forward. Will the business unit that created the service (or the business need for the service), own the service or should the common IT infrastructure team own it? If the needs of a specific user changes should the infrastructure team change the common service or customize another incarnation of the service? Such issues were echoed by the CIOs of both Firm 4 and Firm 9, and the VP of Technology for Firm 2. According to the CIO of Firm 4, identifying business ownership is critical and needed for compliance to industry regulations. "It is hard enough to identify the business owner of an account or application. Imagine doing that for a business service!"
Governance is critical
The focus of service governance appears to be on knowledge management achieved by "extensive documentation", less on which functions need to be converted to services and more on how the services were going to be created and maintained (Firm 12). The IP related to services -i.e., the knowledge of how the services work and what the inter-dependencies are -was "primarily person-based" and managed via documentation, and this knowledge management of service function and impact was identified as a big concern (Firms 2, 4, 5, 12, and 14) .
A critical part of governance is vetting the creation of services to encourage reuse. In practice, however, governance committees are not looking at whether a service needs to be developed but how it will be developed. This lack of reuse results in a glut of redundant services, according to Firm 5, that causes versioning and integrity issues. Firm 9 indicated that service reuse does not work for them for a couple of reasons. The first of these reasons was that some non-critical services had been reused in the past in mission critical applications causing service downtime, and hence dissatisfied customers, when the non-critical services were taken offline for maintenance. The second reason was that the developers preferred to develop something on their own rather than take the time to learn about an existing service and its interdependencies. This was attributed to potential clashes in levels of criticality, pressures of business delivery, and sheer developer propriety. In the CIO's words, "The concern is the speed of reaction to business requirement limits the use of SOA we would like to. We have no vision of reuse. Given the need to react quickly we are concentrating only on rebuilding for use."
Focus on training
The dependency on individual people for their implicit knowledge was also tied to a concern about availability of the right skills and training. In dealing with business units and strategic partners of businesses, general SOA awareness training and the move to a service mindset was critical, according to Firms 4 and 12. According to Firm 12, 90% of the effort in implementing SOA is on governance and process engineering, so technical people are not too keen on implementing SOA at an enterprise level. Training business people in using business process modeling tools, on the other hand, was found to be a challenge, according to Firm 2, and so the responsibility of process modeling falls on the technology teams. This requires technical staff to have the requisite "implementation and practical skills". This requires appropriate training for technical people on the business aspect of services and the appropriate technical training on the use of tools. Even at a purely technical level, the sheer complexity of the vendor tools available for the development and management of services required extensive training according to Firm 2, which had unsuccessfully attempted to roll out business process modeling across the enterprise six years earlier. Thus, adopting a service mindset and grooming service-savvy talent on both the business and technical sides was a big concern universally for Firms 1, 2, 4-10, and 12-14.
Leverage existing resources.
Our cross-firm data also appeared to highlight a lack of understanding of how legacy systems could be leveraged in a service-oriented environment. Firms 4 and 12 strongly advocated finding ways to expose existing legacy resources as services instead of building new functionality. Firm 12 was able to cite the example of a client bank that had taken three years to build a new service based loan system and "scrapped its old loan system… [that] had been in use for 12 years". The lesson learned was that key business functions provided by the existing and proven legacy system should have been exposed as services over time one by one, thus providing a safer and less expensive migration path to a service-oriented infrastructure. Firm 14 also indicated that many firms were attempting to leverage their legacy systems by replacing their Enterprise Application Integration (EAI) frameworks by an Enterprise Service Bus and plugging legacy systems into the ESB with service wrappers. Firm 2 was grappling with how to use legacy assets -assessing ways to do this ranging from lightweight approaches like wrappers to attempting to create a full-blown service component architecture which would result in a more complex implementation. Firm 7 was converting its legacy base iteratively to Web Services while Firm 6 could not move away from its legacy systems because the abstraction was complex. Across the firms interviewed, there appeared to be no clear or generally accepted way to leverage proven legacy systems. Trade-off between service granularity and quality attributes 2, 4, 5, 7, 9, 11, 14 Now things are okay, reuse is not very high. If reuse increases then resources hosting these assets will become hotspots. It becomes a choice between performance oriented architecture versus SOA -and the granularity you choose determines where you land.
Manage expectationsinvest in SOA for the long-term. Trade-off between granularity and reuse 4, 5, 7, 9, 11 Reuse is a double-edged sword. We cannot reuse changing software modules.
Business understanding of SOA 2, 4, 7, 9, 10 I doubt whether anyone in the business would even understand what "SOA" is about, or get excited when you mention "Architecture" (although they would be able to relate services-oriented model).
Align the organization along the SOA strategy.
SOA implemented within technology domain only 2, 3, 4, 8, 9 The business community has no understanding of SOA. They are looking for consistency, reliability, and uptime.
Ownership of services 2, 4, 9, 14 It is hard enough to identify the business owner of an account or application. Imagine doing that for a business service! Change the mindset.
Business processes modeled by technology teams. There are a few existing studies that empirically investigate the real-world implementations of SOA. Among the studies that look at organizational impacts, two vendor-sponsored studies provide insights from client engagements. The first one by Fricko [8] , identifies the importance of addressing the organizational culture, specifically with respect to business and technology team interaction, and reuse in the context of a specific IBM project. The second study by Bieberstein et al [4] prescribes a spectrum of guidelines from organizational structure to technology architecture based on the vendors solutions.
The main focus of most other studies is on the value of SOA as an integration strategy. Baskerville et al [1] examine the use of SOA as a technology architecture in two European banks. The study focuses on the strategic benefits achieved from implementing SOA through the lens of the four architectural challenges faced by banks -(i) internal application integration, (ii) integration with partners, (iii) integration in the context of mergers and acquisitions (M&As), and (iv) agile development. The use of SOA as an integration framework in the context of M&As is also examined by Svensson and Wallen [26] in their Masters thesis. The study reviews five companies across industry sectors, and concludes that SOA can be used to effectively integrate disparate systems. Another study by Legner and Heutshi [12] also examines the use of SOA as an integration mechanism in four firms across industry sectors. While the main thrust of the results is the design of SOA for effective systems integration, a by-product of the analysis is a suggested set of three major activities for SOA adoption -(i) introduction of new organizational roles and processes for governance, (ii) creation of architectural guidelines, and (iii) the use of SOA for infrastructure projects.
Our study adds to current knowledge by reviewing organization-wide challenges to SOA adoption across multiple firms with a fairly broad representation within the financial services industry -banks and insurance firms, which researchers have identified as having high dependence on technology [9, 16] -and service providers with clients in the financial services industry. Our study also has the advantage of having a blend of company profiles to add depth to the investigation. The study looks at a mix of banks and insurance firms, service providers and client firms, large and small firms, within an industry but across various countries and across public and private sectors. The profiles of the people interviewed vary from the Head of Corporate Strategy to the Technical Architect, providing a rounded perspective of the implementation of SOA. The analysis also includes firms which ranged from those that considered their attempts at SOA unsuccessful to others that had achieved tangible business benefits from their SOA implementation.
Contribution and Future Research
In this paper, empirical evidence from semi-structured interviews with fifteen firms was collected and analyzed. The interview data was thematically coded to glean what challenges the firms faced in the process of implementing SOA, and our findings were fairly consistent across the firms interviewed. In investigating the issues impacting a services implementation, this study (i) fills a crucial knowledge gap because there is little empirical evidence of the practical use of SOA across the enterprise, (ii) provides direction for future research, and (iii) provides a framework and set of guidelines to help practitioners implement SOA successfully across the enterprise. Research in the area of information technology diffusion indicates that the successful adoption of new technology requires organizations to take an integrated approach to organizational and technical changes effected by the technology [15] . The technical aspects of SOA appear to have appropriate research efforts and guidelines [20] , but there is a lack of similar structure for the examination of the pragmatic impacts of the adoption of SOA. There is a growing understanding of the organizational processes and characteristics that influence the adoption and implementation of technology [5, 10] , but there is little understanding of how these organizational constraints may impact the organizational adoption of SOA [14] .
The findings of this study are part of a larger research effort to leverage the data from the fifteen firms interviewed to understand how the enterprise SOA strategy can be aligned with the organizational strategy. The next phase in this research effort involves a continued analysis of the data to develop a framework for SOA implementations.
